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Abstract
Rationale Previous work has indicated that implicit attention-
al biases to alcohol-related cues are indicative of susceptibility
to alcohol dependence and escape drinking, or drinking to
avoid dysphoric mood or emotions.
Objective The goal of the current study was to examine
whether alcohol dependence and escape drinking were asso-
ciated with early neural attentional biases to alcohol cues.
Methods Electroencephalography data were recorded from 54
college students who reported that they regularly drank alcohol,
while they viewed alcohol and control pictures that contained
human content (active) or no human content (inactive).
Results Those who were alcohol dependent showed more
neural attentional bias to the active alcohol-related stimuli
than to the matched control stimuli early in processing, as
indicated by N1 amplitude. Escape drinkers showed greater
neural attention to the active alcohol cues than non-escape
drinkers, as measured by larger N2 amplitudes.
Conclusions While alcohol dependence is associated with
enhanced automatic attentional biases early in processing,
escape drinking is associated with more controlled attentional
biases to active alcohol cues during a relatively later stage in
processing. These findings reveal important information about
the time-course of attentional processing in problem drinkers
and have important implications for addiction models and
treatment.
Keywords Attentional bias . Alcohol . ERPs . Escape
drinking . Problem drinking
Alcohol abuse is one of the most prevalent health problems
among college students, with 30–45 % of students reporting
excessive drinking (Hingson et al. 2004; Miller et al. 2007;
Wechsler et al. 1994). In addition to leading to accidental
injuries as well as physical and sexual assaults (Hingson
et al. 2009), excessive drinking during college can lead to
chronic alcoholism later in life (Kessler et al. 2005; Grant and
Dawson 1998; Hingson et al. 2006). Thus, understanding how
problem drinking develops and is perpetuated in young adults
is an important research question.
Prominent models of addiction suggest that repeated drug
exposure, such as excessive drinking, leads to enhanced at-
tention to drug-related stimuli, which in turn contributes to
dependence. Three leading theories have sought to explain
how repeated drug use can lead to increased attention to drug-
related cues. First, the schema-based theory posits that drug-
taking becomes an automatic process that results in difficulty
inhibiting drug administration in the presence of triggering
stimuli (Tiffany 1990). According to the motivational theory
of current concerns (Cox et al. 2006; Klinger and Cox 2004),
drug-related thoughts become prioritized in the cognitive sys-
tem as a function of their rewarding properties. This, in turn,
causes the drug and its related stimuli to be difficult to ignore
(Fadardi and Cox 2006). Finally, according to the incentive
salience theory, drugs, such as alcohol and their related cues,
become more salient, attractive, and attention grabbing be-
cause their consumption leads to increased drug-induced do-
paminergic responses in brain areas, such as the nucleus
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accumbens over time (Robinson and Berridge 2000, 2008;
Wise 1998).
While they differ in their ability to explain neural mecha-
nisms, these theories are consistent in that they recognize that
addiction is associated with attention-grabbing properties of
drug-related stimuli (or triggers) in the environment. In sup-
port of this, studies have consistently shown that individuals
who drink heavily demonstrate enhanced attentional biases to
alcohol-related cues (Bauer and Cox 1998; Fernie et al. 2012;
Johnsen et al. 1994; Sharma et al. 2001; Stetter et al. 1995;
Stormark et al. 2000; Townshend and Duka 2001). A number
of behavioral studies have also demonstrated that those who
are alcohol-dependent show greater implicit attentional bias to
alcohol-related cues than nondependent heavy drinkers (Cox
et al. 2006; Field et al. 2004; Field et al. 2013; Jones et al.
2003; Noël et al. 2006; Townshend and Duka 2001), suggest-
ing that attentional bias may be associated with dependence
(for reviews, see Field and Cox 2008; Franken 2003; Robbins
and Ehrman 2004). Furthermore, there is evidence that atten-
tional bias is associated with drug craving and drug-seeking
behaviors (Field and Eastwood 2005), leading to difficulty in
abstaining from alcohol in those trying to quit (Waters et al.
2003; Williams et al. 1996).
Problem alcohol consumption is often associated with spe-
cific reasons for drinking (Beck et al. 1991). For example,
escape drinking, or drinking to avoid negative mood (Cahalan
et al. 1969), has been shown to be associated with heavy
drinking (Williams and Clark 1998) and other alcohol-
related problems (Abbey et al. 1993; Farber et al. 1980).
Previous research in our laboratory has shown that implicit
behavioral attentional biases can be associated with escape
drinking habits over and above that predicted by risk for
dependence (Forestell et al. 2012) in a college sample. This
research demonstrated that although escape drinkers were
more likely to report a family history of alcoholism and be
dependent on alcohol than non-escape drinkers (e.g., Cahalan
et al. 1969; Farber et al. 1980; Jung 1977; Mennella and
Forestell 2008), when these factors were controlled, escape
drinkers displayed a significantly stronger attentional bias for
alcohol-related cues than non-escape drinkers for certain
alcohol-related cues (Forestell et al. 2012).
Specifically, Forestell et al. (2012) reported that attentional
biases differed according to the type of stimulus presented and
the duration of presentation. In this study, two types of
alcohol-related cues, those depicted alone (i.e., inactive cues,
such as a bottle of beer) and those that involved a human
interacting with the cue (i.e., active cues, such as a person
holding a bottle of beer), were presented with matched con-
trols in a dot probe task. When participants were asked to
respond to these cues after they were presented for 2,000 ms,
escape drinking was correlated with attentional bias only for
the inactive cues, whereas when cues were presented for
500 ms, escape drinking was correlated with attentional biases
for active stimuli. These findings suggest that depending on
the type of cue, escape drinkers may demonstrate either initial
orientation or maintained attention to alcohol-related cues.
According to psychophysiological work, the brain processes
active and inactive scenes differently, with scenes that contain
people yielding greater processing than those that contain
objects alone (e.g., Allison et al. 1994; Bentin et al. 1996;
Bobes et al. 1994; Vanrullen and Thorpe 2001). Therefore,
while the presence of humans in the active pictures may have
captured all participants’ early attention, those with higher
escape scores may have focused more of their initial attention
on the scene containing the alcohol-related cue due to its
reinforcing qualities. While escape drinkers may orient their
initial attention to active alcohol-related cues, it appears that
they may maintain their attention to the inactive cues.
In the present study, we sought to extend the behavioral
results reported above to measure electrophysiological re-
sponses to alcohol-related stimuli. To date, drug-related work
that has focused on attentional processing has measured
event-related potentials (ERPs), which allow for the exam-
ination of how dependence affects the time-course of the
cognitive processes associated with attention. These studies
have demonstrated that the P3 response, which is thought to
reflect attentional allocation to motivationally salient stim-
uli (Polich 2012; Polich and Kok 1995), is enhanced to
drug-related stimuli in addicts compared with controls
(Littel et al. 2012).
As early neural attention may interfere with the ability to
inhibit alcohol administration (Tiffany 1990) and may stimu-
late appetitive processes (Field and Powell 2007) associated
with further drinking, understanding how attentional bias
unfolds over time contributes to our understanding of the
mechanisms involved in problem drinking behavior. Howev-
er, little research has investigated how drinking is associated
with earlier ERP components, with the exception of a recent
study by Petit et al. (2012). This study found that relative to
control cues, alcohol cues elicited larger P1, but not N2,
amplitudes in binge drinkers, who were defined as those
who consumed six or more standard drinks three to four times
per week at a rate of at least 3 drinks/h. Amplitude differences
at P1 were not observed in those who did not engage in binge
drinking. As the P1 is an exogenous ERP component associ-
ated with automatic attention to motivationally relevant stim-
uli and the N2 is associated with more controlled attention,
these results indicate that binge drinkers directed greater early
unconscious but not conscious attention to alcohol cues com-
pared with neutral cues.
Thus, the primary goal of the present experiment was to
extend the results of Forestell et al. (2012) and Petit et al.
(2012) by investigating how alcohol dependence and escape
drinking affect the time-course of early attentional processes
directed towards alcohol-related cues. To examine early atten-
tion to alcohol cues, college students viewed a series of
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alcohol and control pictures while electroencephalography
(EEG) data were recorded. Considering that P1, N1, and P2
components are thought to be exogenous and reflect automatic
obligatory sensory responses occurring very quickly follow-
ing an eliciting stimulus, it was hypothesized that those who
were alcohol dependent would show larger P1, N1, and P2
amplitudes to the alcohol-related stimuli relative to the control
stimuli, reflecting attention to alcohol cues that is beyond the
control of participants. This hypothesis was based on Petit
et al.’s (2012) findings that binge drinkers, who are at height-
ened risk for alcohol dependence (Bonomo et al. 2004),
showed larger P1 amplitudes to alcohol stimuli.
By contrast, the N2 is an endogenous component that is
associated with more controlled attention and is thought to
reflect stimulus evaluation and decision-making (Dickter and
Kieffaber 2013; Dickter and Bartholow 2010; Luck and
Kappenman 2011; van Veen and Carter 2002), as well as the
processing of emotional stimuli (Carretié et al. 2004). As
escape drinking involves emotional and motivational process-
ing (Cahalan et al. 1969), it was hypothesized that escape
drinkers would show larger N2 amplitudes to alcohol-related
cues compared with those who were non-escape drinkers.
Furthermore, as previous behavioral work has demonstrated
that escape drinkers orient their initial attention to active
alcohol-related cues (Forestell et al. 2012), we predicted that
attentional biases as measured by early ERP components
would be observed for active rather than inactive alcohol cues.
Method
Participants
Eighty-two (28 females) college students between the ages of
17 and 28 years (M=19.29 years, SD=1.79) who were en-
rolled in an Introduction to Psychology class at The College of
William and Mary participated in this study for partial fulfill-
ment of a course requirement between 2011 and 2013. All
procedures were approved by the College’s Protection of
Human Subjects Committee, and written informed consent
was obtained from each participant.
Materials
Stimuli The stimuli consisted of 120 color photographs (3264
x 2448 pixels), 60 of which were alcohol-related items or
matched non-alcohol-related items. Thirty photographs
depicted a stimulus in an active setting, in which a human
was interacting with the stimulus (e.g., drinking from a beer
bottle or a bottle of soda), whereas the remaining 30 photo-
graphs depicted a stimulus in an inactive scene, in which the
stimulus was presented alone (e.g., a can of beer or juice).
Active and inactive alcohol-related cues depicted the same
proportion of pictures of beer, wine, and liquor. In all
pictures, stimuli were presented against a black background.
Non-alcohol pictures were created to resemble alcohol cues
in terms of brightness, color, and object position. All pic-
tures were pilot-tested with 10 undergraduate students to
verify that the contents could be correctly identified and
judged as alcohol- or non-alcohol related. The average ac-
curacy rate for alcohol and non-alcohol-related photographs
was 97 %±0.19 (range, 80–100 %). Accuracy of identifica-
tion did not differ between the alcohol-related and control
stimuli, nor between the active and inactive stimuli (all
p values>0.05).
Questionnaires In addition to completing a demographic
questionnaire which asked participants to indicate their gen-
der, age, and race, participants were also interviewed about
their drinking habits and frequency of alcohol consumption.
Participants were asked whether they currently drank alco-
hol. If they indicated that they drank, they were asked to
provide an account of the frequency of their drinking behav-
ior by indicating the number, amount, and type of alcohol
(i.e., beer, wine, and liquor) consumed on each drinking
occasion over the previous 3 weeks using a time-line
follow-back procedure (Sobell and Sobell 1995). From these
data, we estimated the number of standard drinks consumed
over the previous 3 weeks. Additionally, participants com-
pleted an electronically-based questionnaire that included a
variety of items to assess their drinking habits (e.g., when
they drank, what they drank) as well as several validated
questionnaires which are described below.
The Michigan Alcohol Screening Test (MAST; Selzer
1971) was completed to assess dependence on alcohol by
measuring alcohol-related problems and risk drinking over
the course of the participants’ life. The MAST contains 25
questions regarding the severity of participants’ problem or
risky drinking behaviors. They require participants to indicate
whether or not they have ever experienced symptoms such as
delirium tremens, and if they have been arrested for drunken
behavior or driving under the influence of alcohol, or been in
trouble at work or lost their job due to their alcohol use. This
measure possesses good internal-consistency reliability, as
indicated by Cronbach’s alpha coefficients of 0.83 to 0.93
(Gibbs 1983). Answers to each question are assigned weight-
ed values of 0, 1, 2, or 5 points. In the current study, a total
score of 8 or above (range, 0–53) is classified as alcohol
dependent.
The Escape Questionnaire is a 20-item questionnaire de-
veloped by Cahalan et al. (1969) as part of a national survey to
determine the extent to which individuals consume alcohol to
reduce stress and dysphoric feelings. Participants received one
point for agreeing with any of the five following reasons for
drinking: to forget their worries or problems, to help them to
Psychopharmacology (2014) 231:2031–2040 2033
relax, to forget everything, to cheer themselves up when they
are in a bad mood, or when they are tense and nervous. Thus,
total escape scores could vary from 1 to 5. Additional ques-
tions that were not related to escape drinking included items
such as “to alleviate pain” or “to celebrate special occasions.”
According to Cahalan et al. (1969), a total score of two or
greater on this scale is indicative of an escape drinking pattern
and is associated with problem drinking. The questionnaire
demonstrated high levels of internal consistency with our
sample (KR-20=0.90).
Desires for Alcohol (Clark 1994) The Desires for Alcohol
(DAQ) is a 14-item measure of craving for alcohol that
consists of a three factor structure for recreational drinkers
(Love et al. 1996). The factors were characterized as “strong
desires and intentions” which included questions such as “I
want a drink so bad right now I can almost taste it,” “negative
reinforcement” which consisted of questions such as “Even a
major problem in my life would not bother me right now if I
had a drink,” “controllability of alcohol consumption” which
consisted of questions such as “If I started drinking right now,
I would be able to stop,” and “mild intentions and positive
reinforcement” which consisted of questions such as “Drink-
ing would be pleasant now.” Participants indicate the degree
to which they agree with each question using a 7-point Likert
scale ranging from 1—strongly disagree to 7—strongly agree.
In the current study, scores from all subscales were summed to
create a total craving score.
Procedure
Upon arriving to the laboratory, participants completed a
consent form, and were seated in an electrically shielded
Faraday chamber approximately 70 cm from a computer
monitor. Participants were asked to be as still as possible
during the experiment to reduce the amount of extraneous
noise in the EEG recordings. Participants were told that the
computer task involved the presentation of a series of trials,
each composed of a picture. They were instructed to pay
attention to the pictures because they were told they would
be asked about them later. This task was completely passive in
that no response was given by participants during the trials.
Participants completed the experimental trials, in which the
pictures were each presented in a random order for each of
three blocks of trials, with short breaks in between each block.
Therefore, participants viewed 120 trials in total. Each
picture was displayed in the middle of the screen for 8 s,
followed by an intertrial interval of 8 s. After completion of
the EEG task, participants completed the questionnaires.
When finished, they were debriefed and given credit for their
participation. All participants completed the study within an
hour and a half.
Electrophysiological recording and analysis
EEG data were recorded using a DBPA-1 Sensorium
Bioamplifier (Sensorium Inc., Charlotte, VT) with an analog
high-pass filter of 0.01 Hz and a low-pass filter of 500 Hz
(four-pole Bessel). The EEG was recorded from 74 Ag–AgCl
sintered electrodes in an electrode cap, placed using the ex-
panded International 10–20 electrode placement system. All
electrodes were referenced to the tip of the nose and the
ground electrode was placed in the middle of the forehead,
slightly above the eyebrows. Eye movement and blinking
were recorded from bipolar electrodes placed on the lateral
canthi and peri-occular electrodes on the superior and inferior
orbits, aligned with the pupils. Before data collection was
initiated all impedances were adjusted to within 0–20 kilohms.
EEG was recorded continuously throughout the computer
task, and was analyzed offline using EMSE software (Source
Signal Imaging, San Diego, CA). Data were undersampled at
500 Hz. The data were corrected for eye movement artifacts,
using independent component analysis (Jung et al. 2000).
Channels containing extreme values (±300 mV) in more than
40 % of the sweeps were spatially interpolated. All EEG data
were filtered at low pass 20 Hz (Luck 2005). The data were
segmented between 200 ms prior to stimulus onset and 1,
000 ms post-stimulus onset. After baseline correction over
the pre-stimulus, interval segmented data were averaged for
each subject in each of the conditions.
Results
Participant characteristics
Data were discarded from participants with excessive EEG
artifacts (n =11); no participants were included whose data
included more than two rejected trials per condition. Partici-
pants who reported that they never drank alcohol (n =17) were
not included in the analysis. Analyses were thus conducted
with 54 participants (31 females). Participants were 19 years
old on average (M=19.31 years, SD=1.8). Most participants
were White (n =37), with eight Asian, four Hispanic, three
multiracial, and two Black participants. Eighty-seven percent
of the participants reported drinking alcohol in the past
3 weeks, with an average of 19.20 (SD=24.41) standard
drinks consumed over that time period.
Eleven participants were categorized as alcohol dependent
according to the MAST, and 43 were categorized as not
alcohol dependent. A series of comparisons were made be-
tween these two groups. As shown in Table 1, although the
two groups did not differ in the number of standard drinks
they consumed, nor in how frequently they drank during the
past 3 weeks, alcohol-dependent drinkers reported consuming
more drinks in one night and craving alcohol more than those
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who were not alcohol dependent. To determine whether crav-
ing or dependence was responsible for any ERP differences,
craving was used as a covariate in all subsequent analyses of
dependence.
Thirty-three of the participants were categorized as escape
drinkers and 21 were non-escape drinkers. A series of com-
parisons were made between these two groups. As shown in
Table 2, relative to non-escape drinkers, escape drinkers con-
sumed more standard alcoholic drinks, drank more frequently,
and consumed marginally more drinks per night over the
previous 3 weeks. As a result, in all analyses of escape
drinkers, the amount of drinks consumed in the last 3 weeks
was controlled.
Visual inspection of grand averaged waveforms was used
to identify the component amplitudes of interest, as well as
to determine scalp locations where neural activation was
maximal for the corresponding components. P1 was largest
at the P1, P2, P3, P7, P9, O2, OZ, P10, P4, P5, P6, P8, PO3,
PO4, PO7, PO8, and POZ electrodes and was quantified as
the average voltage at these electrodes between 72 and
164 ms. The N1 component was largest at the frontal
midline electrodes, and was quantified as the average volt-
age between 80 and 188 ms at electrodes FPZ and FZ. P2
was quantified as the average voltage between 172 and
272 ms at electrodes P1, P2, P3, P7, P9, O1, O2, OZ,
P10, P4, P5, P6, P8, PO3, PO4, PO7, PO8, POZ, and PZ.
Table 1 Participant characteris-
tics as a function of their alcohol
dependency
+ all such values represent stan-
dard error of the mean
*p <0.05, statistical significance;
**p <0.01, statistical significance
Alcohol dependent
(n =11)
Not alcohol dependent
(n =43)
Test statistic
Age (in years) 19.00±0.36+ 19.33±0.29 t(52)=0.52
Gender (%, female) 63.60 55.80 χ2(1)=4.96*
Drinking behavior over previous 3 weeks
% consumed alcohol 100 83.7 χ2(1)=0.32
Number of drinking occasions 4.54±1.06 3.58±0.51 t(52)=0.85
Highest no. of drinks per occasion 9.36±1.43 5.10±0.62 t(52)=2.99**
Total drinks 28.40±7.37 16.80±3.68 t(52)=1.42
Desire for alcohol 34.72±7.33 28.67±1.12 t(52)=2.43*
Score on MAST 11.73±3.95 2.84±2.21 t(52)=9.97**
Perceptions about drinking behavior
Feels guilty about drinking (%) 54.50 30.20 χ2(1)=2.27
Feels they should cut down (%) 72.70 37.20 χ2(1)=4.47*
Others worry about drinking (%) 36.40 9.30 χ2(1)=5.08*
Got into fights while drinking (%) 36.40 9.30 χ2(1)=5.08*
Family history of alcoholism (%) 54.50 34.90 χ2(1)=1.42
Table 2 Participant characteris-
tics as a function of their escape
drinking behavior
+ p<0.1, marginal effects;
*p <0.05, statistical significance
Escape drinker (n=33) Non-escape drinker (n =21) Test statistic
Age (in years) 19.30±0.37 19.19±0.27 t(52)=0.52
Gender (% female) 60.60 52.40 χ2(1)=0.36
Drinking behavior over previous 3 weeks
% consumed alcohol 93.90 76.20 χ2(1)=3.58+
Number of drinking occasions 4.63±0.62 2.43±0.53 t(52)=2.48*
Highest no. of drinks per occasion 6.85±0.75 4.60±1.00 t(52)=1.82+
Total drinks 24.51±4.66 10.76±3.83 t(52)=2.08*
Desire for alcohol 33.30±1.27 24.57±1.01 t(52)=4.85*
Score on MAST 5.59±0.88 3.48±0.66 t(52)=1.56
Perceptions about drinking behavior
Feels guilty about drinking (%) 39.40 29.80 χ2(1)=0.66
Feels they should cut down (%) 45.50 42.90 χ2(1)=0.04
Others worry about drinking (%) 12.10 19.00 χ2(1)=0.48
Got into fights while drinking (%) 21.20 4.80 χ2(1)=2.75
Family history of alcoholism (%) 12.10 19.00 χ2(1)=0.48
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The N2 component was quantified as the average voltage
between 208 and 300 ms at electrodes FPZ, FT10, FT7,
FT8, FT9, and FZ.
Analyses were conducted at each ERP component to
examine how alcohol dependence affected the amplitude
of early attentional ERP components of interest. Specifical-
ly, 2 (stimulus category: alcohol, non-alcohol)×2 (stimulus
type: active, and inactive)x 2 (dependence: alcohol depen-
dent, not alcohol dependent) mixed-model analyses of co-
variance (ANCOVA) with desire for alcohol as the covar-
iate were conducted with repeated measures on the first
two factors for each ERP component. Similar analyses were
conducted to examine the effect of the stimuli and escape
drinking on ERP amplitude; 2 (stimulus category: alcohol
and non-alcohol)×2(stimulus type: active and inactive)×2
(escape drinker: yes, no) mixed-model ANCOVA were
conducted with repeated measures on the first two factors
and frequency of alcohol consumption as the covariate for
each component. No significant effects were found at the
P1 and P2 components (p >0.15), so only analyses for N1
and N2 are reported below. Greenhouse–Geisser-adjusted
p values are reported for the analyses with multiple numer-
ator degrees of freedom.
N1 component
Alcohol dependence As shown in Fig. 1, for the active
stimuli, dependent participants showed a larger N1 ampli-
tude to alcohol stimuli than non-alcohol stimuli, This was
supported by a significant stimulus category×stimulus
type×dependence interaction, F (1, 50)=4.67, p =0.036,
η2=0.085. Further analyses demonstrated that for the in-
active stimuli, there were no significant effects, p >0.25.
For the active stimuli, however, there was a marginal
stimulus category×dependence interaction, F(1, 51)=3.61,
p =0.063, and η2=0.066. Simple main effects analyses
revealed that, for the active alcohol stimuli, dependent
participants (M=−8.58, SE=2.33) demonstrated significant-
ly larger N1 amplitudes than the nondependent participants
(M=−0.20, SE=1.14), F (1, 51)=10.11, p =0.003, η2=
0.165. For the non-alcohol stimuli, dependent participants
(M=−0.33, SE=3.18) demonstrated similar N1 amplitudes
as nondependent participants (M=−0.35, SE=1.56), F (1,
51)=0.04, p =0.849, η2=0.001.
Escape drinking Results revealed no significant differences,
p values>0.27.
N2 component
Alcohol dependence No significant effects were found,
p values>0.44.
Escape drinking As depicted in Fig. 2, for the active stimuli,
escape drinkers showed a larger N2 amplitude to alcohol
stimuli than the non-escape drinkers. This observation was
supported by a marginally significant stimulus category×
stimulus type x escape drinking interaction, F(1, 50)=2.66,
p =0.109, η2=0.05. Simple main effects analyses demonstrat-
ed that for the inactive stimuli, there were no significant
effects, p >0.15. For the active stimuli, however, there was a
significant stimulus category×Escape Drinking interaction,
F (1, 50)=8.44, p =0.005, η2=0.144. The escape drinkers
(M=−1.34, SE=1.75) showed a larger N2 to the active alco-
hol stimuli than the non-escape drinkers (M=6.83, SE=3.22),
t (51)=−2.43, p =0.019. For the active non-alcohol stimuli,
there were no differences between escape (M=2.62, SE=
2.67) and non-escape drinkers (M=−0.11, SE=1.79), F(1,
51)=0.74, p =0.466.
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Discussion
The present study investigated how dependence for alcohol
and escape drinking affect the processing of alcohol-related
stimuli in ERP components that are associated with early
attention. Our findings suggest that college students who were
alcohol dependent and motivated to drink to avoid dysphoric
emotions or negative mood showed evidence of a neural
attentional bias to the alcohol-related stimuli. However, this
bias emerged at different time-points during the processing of
these stimuli depending on the type of drinker they were.
Specifically, participants whowere alcohol dependent showed
larger N1 amplitudes to alcohol-related cues compared with
control cues while escape drinkers showed larger N2 ampli-
tudes to alcohol cues than non-escape drinkers. These effects
were only significant when examining neural responses to
active cues, or those that contained human content. In contrast,
differential neural responses did not occur to the inactive cues,
which were devoid of human content.
Consistent with models that purport that excessive drinking
is associated with enhanced attention to alcohol-related stim-
uli (Robinson and Berridge 2000, 2008; Tiffany 1990; Wise
1998), these results suggest that early neural attentional pro-
cessing, as indexed by N1 amplitude, is moderated by alcohol
dependence. As the N1 component reflects exogenous, auto-
matic attention (Luck and Kappenman 2011), these results
suggest that attentional bias to active alcohol-related stimuli
in those who are alcohol dependent may be an automatic
sensory response. It is worth noting however, that this re-
sponse does not appear to be a function of craving, which is
a hallmark symptom of substance abuse and dependence. It is
possible that these early responses may reflect neuronal
changes that, over time, may become responsible for later
higher-order cognitions that lead to alcohol and its rewards
becoming prioritized in the cognitive system (Cox et al. 2006;
Klinger and Cox 2004). It is important to note however, that
given the comorbidity between alcohol consumption and that
of other drugs (Cooney et al. 2003; Peloquin et al. 2013), the
effects observed in dependent drinkers in this study may
reflect neuronal changes that have occurred as a function of
interactions between multiple drugs.
Additionally, the current findings extend our previous be-
havioral work demonstrating that escape drinkers showed a
greater attentional bias to alcohol-related cues than non-
escape drinkers (Forestell et al. 2012). This previous work
used a dot probe task to illustrate that escape drinking was
associated with greater attention to inactive cues when partic-
ipants were asked to respond to cues after they had been
presented for a relatively long time (i.e., 2,000 ms). Escape
drinking was associated with greater attentional bias to active
cues when the cues were presented for a short time (i.e.,
500 ms). Although the current study used a passive viewing
task rather than the dot probe task, the current findings are
nonetheless consistent with our previous behavioral findings,
in that escape drinkers demonstrated enhanced responses to
the active alcohol stimuli at 200 ms. Taken together, it seems
that drinking to escape is associated with initial orientation to
alcohol-related cues that contain human content, while main-
tained attention focuses on alcohol-related cues without hu-
man content. These neural attentional biases to drug-related
cues may increase craving for alcohol and lead to difficulties
abstaining from drinking (Field and Cox 2008; Field et al.
2009; Franken 2003; Robbins and Ehrman 2004; Tiffany
1990; Waters et al. 2003; Williams et al. 1996). Although
the escape measure developed by Cahalan (1969) has proven
to be a quick and easy tool to administer and useful in
identifying escape drinkers (e.g., Forestell et al. 2012;
Mennella and Forestell 2008), future research should use more
recently developed questionnaires that additionally identify
other factors such as social enhancement and conformity
motives (e.g., Cooper 1994).
This study, in combination with research by Petit et al.
(2012), reveals novel information about the time-course of
attentional biases to alcohol-related stimuli as a function of
-12
-10
-8
-6
-4
-2
0
2
4
6
8
10
12
A
m
pl
itu
de
 (µ
V
)
Escape: Alcohol
Escape: Non-Alcohol
Non-Escape: Alcohol
Non-Escape: Non-Alcohol
-12
-10
-8
-6
-4
-2
0
2
4
6
8
10
12
A
m
pl
itu
de
 (µ
V
)
a b
-200 -100       0   100 200 300
N1
N2
Active Stimuli Inactive Stimuli
Time (ms) Time (ms)
-200 -100       0   100 200 300
Fig. 2 ERP activity as a function of stimulus category, stimulus type, andmotivation at Fz. a Responses to active stimuli; b responses to inactive stimuli
Psychopharmacology (2014) 231:2031–2040 2037
alcohol dependence. While Petit et al. showed that alcohol
cues elicited larger P1 amplitudes than control cues in binge-
drinking college students, the current findings suggest that
alcohol dependence is associated with an enhanced N1 re-
sponse. That the current study did not find that P1 was
enhanced to alcohol cues for dependent drinkers is surprising,
given that binge drinkers are often at heightened risk for
alcohol dependence (Bonomo et al. 2004). There are two
likely explanations for our failure to find a significant P1
effect. First, while Petit et al. used an oddball paradigm, we
used a passive viewing task in the current study which may
have led to differences in the time-course of attentional pro-
cesses. Future studies should examine whether task type leads
to different early ERP effects. Second, while Petit et al. re-
cruited participants based on their binge drinking behavior to
create equal groups, we did not select participants based on
their drinking frequency or duration. Indeed, Petit et al.’s
binge drinkers consumed more drinks per week than our
alcohol dependent participants (30.38 vs. 9.36 drinks, respec-
tively). Given that data from Petit et al. show that the number
of drinks consumed per week was associated with a larger P1
to alcohol cues, it is likely that the early P1 attentional bias
seen in their binge drinkers was the result of heavy drinking
patterns established over time, as is consistent with prominent
addiction theories. That our dependent drinkers did not show
an enhanced P1 amplitude to alcohol stimuli suggests that
they may not drink heavily enough to show this bias. This is
supported by further examination of these variables in our
own data which does indeed show a trend for P1 amplitude in
response to active alcohol cues to increase with the number of
drinks consumed per week (r =0.52, p =0.10).Whether the P1
and N1 responses are associated specifically with binge drink-
ing and addiction, respectfully, is a topic for future research.
Our findings also demonstrated that, somewhat later in
processing, automatic attentional biases to active alcohol-
related cues are enhanced in those who are escape drinkers.
Because differences emerged at the N2 component, which is
associated with the processing of emotional stimuli (Carretié
et al. 2004) and is thought to be more controlled than the N1
(Luck and Kappenman 2011), it appears that escape drinkers
are allocating more controlled attention to the active alcohol
cues, which are processed as more salient and are emotionally
relevant stimuli. Notably, Petit et al. (2012) did not find
differences in N2 amplitude to alcohol cues between binge
drinkers and control drinkers. Together, these results may
suggest that escape drinking is associated with more con-
trolled attention to alcohol cues than binge drinking, although
future research should test this. Examining how early atten-
tional components unfold and how they are influenced by
variables such as drinking behavior, dependence, and motiva-
tions for drinking can aid in the understanding of the nature of
addiction. Future research should investigate other variables
that may affect the attentional processing of alcohol-related
cues and should examine whether these early neural attention-
al biases are predictive of difficulties with abstaining from
drinking.
The investigation of drinkers’ attentional biases to alcohol-
related cues can be instrumental in the development of
evidence-based strategies for treatment. Indeed, altering atten-
tional biases through training that reduces cue reactivity has
been successfully implemented in alcoholics in both the short
and long term (Fadardi and Cox 2009; Schoenmakers et al.
2007; Cox et al. 2006). The current work, combined with
previous research, helps to reveal the cognitive stages at which
attentional biases to alcohol-related cues occur and how they
are affected by both properties of the stimulus and character-
istics of the individual. These findings can be used to help
maximize the potential benefits of implicit training on those
with alcohol problems.
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